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[57] 855 

91 ±0. 03g/cm 3 , £6S& 99. 995 ± 0. 003wt% , 
-fS~ 80nm , E&#5$S g & 80 ~ 99% LACS , ft ^3SKi£ 
20O-600MPa,a^|SI«I^I&I^l ~35 8 ,^* 
3/0-5100% ;^ftel#^:l)flJffi%«|»i^S*tl 
#H*t^^* Afrftgftft ; 2) SSSff ^ % 

&m®TF&3L,3m&m%i 1 x 10- 3 ~ 1 x io-v»„ ^ 
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& m m * 



mum 



1. *wfcfcf***p"Ftut: * 

£3j 8.91±0.03g/cm 3 , #i|4^^ 99.995 ± 0.003 wt%, le&Ki' 5~80nm, 
g ik 80-99%IACS, #r^SL£3k 20O~600MPa, **ttf*]tt#fc JMf 1 ~ 35°, 
0-5100%. 

il5^^^CuS0 4 ^,^f£^^^^^7K^^^^7K,^^ o.7~ 
1.2mol/l; 01, PB&^&iftf- 99.99%^^^, Wft*r*NT*** 

^tSft&M; ^M>M3h 5 ~25%>&£ftBflJ&*M£# 0.02- 0.15 ml/1, 5-25% 
NaCl 0.2~1.0ml/l; fe^X?i#f: .*,ifc&£^ 5.5-60 

mA/cm 2 , }ffcE;$ 0.2-1 .0 V, Rlf$., PB^JE^ 30~300mm, 15-30 

ift^SafiT***. 1 x io- 3 - 1 x io- 2 /s, *m#LBL% 99.995 ± 

0.003wt%. t&8t% 8.91±0.03g/cm 3 , g % 80^99%IACS, ffifSL&£# 

200^00MPa, S^tWWilll^ 1~35«\ »ft^ 0~5100%$^4#|-. 
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**tt»(lt4PItt*fe, ^^'li^E^^yS^t^^ (Ag) 

««f^liyi'iiMHt?*4i ,t «i#i t *, ^*.i7> *x. fcx, ffcx. 
ft*, 5t^^#Jit#x«n^pr^^^#jj4. 

(*» Al, Fe, Ni, Sn, Cd, Zn, 
Ag, Sb &L$kfi&&fefrqtfe. te^, *M£4^##;kAfi:&£ft4Htt 

*taft*PF*l; Cd, Zn, Sn, Pb ?&ftM*&fJI#&. $'Jitfc^## 
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& m ^ B2/10M 



Xz#ttHMr«»*. MAIM*, ##W«Afp«t^teft*A. MWtt 

i^T (*PFe, Cu#). ^AHtf, A^-fcifell*^*^*^**^^ 

tMMi. *##fe^ttf*4#-&ttMfMI,' Bib. 

*MfM*«/|s ^JLal^X-t^h. fellTI^. «Bfc*F*£JMfcW» 

.«t, ^j.ft#^«^«bMr^. **^rft«t*ft**aAx***« 1 ttwftai 

**Wt*kft«r 

R.Z. Valiev ^)Ar<fltt^^flT£llbKft^M# 

BiTBrt^f:^ft*AJ5fH!Wttftft<HJft (*#ff**ft3t^aWtH 
fcNr&'h&fcffi.) -ft*#*iifcp*jft, ^JH*JW**»MJ*. &*HH#ft 

15-20 jim. A+^«jMII^Uti[#aU£^ 175MPa, 
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jjj 1%, tfctfelfl**. p=2.05xlO- 8 Om(^i^^##g = 82%IACS, &4» IACS 
^> International annealed copper standard ).K^^^^|^j!&^r^:5I^^ 120 
MPa, M#^#7;$ 5%, ^7&&M^ p = 1.96xlO-«Qm U®£-f-k%% g = 
86%IACS ). 

-ftlih3m&*k&&*&frm#$, U^TliM: 8.91 ± 

0.03g/cm 3 , ^fejE"^ 99.995 ± 0.003 wt%, &&Kir 5~80nm, ife 4 ^ g a£ 
80-99%IACS, ffim&f&k 200-600MPa, ^^1^^^^^ 1-35°, 
0-5100%; 

CuS0 4 «,iPg£^^^^^^«i^^«^7K, 0.7 ~ 

1.2mol/l; ft* PB^:P0««i^-f 99.99%#J&^, ly^^^TM^*!: 
>$M»|j#^:5 ~ 25% >&£^ 0.02 - 0.15 mW, 5~25%#c 
^^il5^NaCl ^K^0.2~1.0mn; &$X£#$: fc»£37 5.5-60 mA/cm 2 , 
0.2-1.0 V, |»> P0te^3O~3OOmm, tfeJ&7&£^15~30'C; 

$-&£&T^&> 1 x io- 3 ~ 1 x io- 2 /s, f'J^^^ 99.995 ± 

0.003w1%. 8.91 ± 0.03g/cnr\ g % 80~99%IACS, #rfi$&£37 

200^00MPa, &&£ft&faH3j 1-35°, 0-5 1 00°/o^J 

£*m^x£#&^&ii5*i£* ««$^^^^ B S B ^ Cu 



& $ # 313/1031 
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& m 45 Jg4/103l 



( ft 30 nm, 1 nm=10- 9 m ), Aft Cu A ( tiJk 0.22 

7.. r m ^#^^^) ftff&$S&*210MPfe, *,PI^p=1.72*10- 8 Q m 
(*=li!£^fc-^g = 99%IACS); $L^^^ B e B ^Cu^^g^^5S^^ 
£Hi^ ( pT^600MPa), fln£*felfitt£te#*+^'«ft. flAtfftfctt-* 
£14 g=80-99%iACS ), Jk«iS[^ife^*fl[^Bir^«r±J?rffi*H/fe 

WL*^*WJt*» (0-1000%), ^W*«LSi^*AL2pOMP&J**i 
$J 500 MPa, g = 99%IACS T fe% g = 80%IACS. ttgJtf jp£ 

T^#«^^^^ft^Cu#H^E^^ (^0.22 r m , 

A') tttfMUfc* 210 MPa, fi£^Tft^#^##A^soooK^MiKA Cu 

te$^*^JtifP (0 ~ 1000 %), ##tt##8LK^WA 200 MPaJtjjPfiJ 500 
MPa, ^g^^*.#^Ag=99%IACST^g=80%IACS, &&JjMp£JNS:, 

JMt**'«F«ft. *54«Mitta#ftft Cu *mmASUIL 
4. iM*^***. £S»TMi. **»x*ft*^E. 

H 2 #iM*WJft#ftft cu ^W^WBt^*Jft*-*Jfi* A* ( £& ). 
ffl 3 jfi*#T. *H^*ttfcfl**#ftft'cu 
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• 

n m 4? ms/iom 



m 4 % Cu ^&#J&^* B B B #: Cu $ ( »*^J 1400% ) 

m 5 ^ fc&^#J* B s B #. Cu &7H^jM*Ltt«tt*Afe Cu #J &P1 

■mjewjjmj qjso 4 **, 

1.0mol/l. 

W, PB^^i^-f- 99.99%^^^, W«l*i*4MT*#* 

mt>M&fr: "qHJfc: 0.1 ml/1 (15% 

NaCl: 0.6 mil ( 1 5% &£#J NaCl * ) 
■■«fcfcX£#*t: 30mA/cm 2 

0.6V 
PB&&JS: 150 mm 
20T: 

%mm^mm^^ c u ( B s B &x 

t^30nm, lnm=10^m), i£#J*JM£Cu #j|4&£& (<XJtj 0.22 r -f r m ^J# 
W*«iaftA 210 MPa, fcPM^p = 1.72*10-* Qm (#JSV*. 
^g = 99%IACS). 

4fc*^tt#**W. W»*tt*Qi#* 6^^^ 99.995 wt%. ##£Jt 
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• 



& m # j!6/io^ 



7L^ 






4fr£* (%) 


Bi 


O.OOOl 


Sn 


<0 0001 


Sb 


O.OOOl 


Ag 


0.0001 


As 


0.0001 


Co 


0.0001 


Pb 


0.0001 


Zn 


0.0002 


Fe 


0.0004 


Ni 


0.0002 



mM LECO TC-436 #t/^^i>(.$>l^, #p p p + ^*^ 24+1 ppm. if] 
Archimedes &&MHft&®8L% 8.91 ±0.03 g/cm 3 , ^ -f £ Cu J£ife* 
.A (8.96 g/cm 3 ) ft .99.4%. E*f«Ki**fcgJ|IAfl, #* + tt*fi£r£:# 
BA/f tttt»&***LI*. ^^HEW'T^** Cu X- 
Mft^^«W"t#3W»**ft*Cu tt*#*J&K/frft* 30 nm, + 
<fcWL*«/h, ft* 0.03%. ^^«fe^S.#^l^>|t a B H ^ Cu 

to -T-^iiliX-t* 20 iim.. Hitf^ita*#*tt# 

B B B ^^N^r B ^tS3^#Ji-f/h^^r H ^-, -«t#^E l~10°ilfel, ftft + ft 

.taiTW*/3ti7-&$*ft. As**m#iB, lxio^s- 1 n-, 

Cu &)Mm&8to 02 = 119+5 MPa, ^m5I^a b = 202±8 MPa, M 

Cu #*£MTK*H##il* (6xl0- 5 ~ 1.8xl0 3 ar') 
^^j&^-a^*^. W4hb. ^^^^^Cu^5M^»te^it^ 

i##iWA6xl0- 5 s-' itifPfiJ l.SxlO 3 s', #p p p#J 
A/RSUtt^ 72 MPa JIM 122 MPa, ffi£*3M&9U^ 156 MPa JMpSJT 292 
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& m & ^7/iojs: 



MPa, H&Mti. \5%%fom 33% (j^itifeAa#SKft 

* ft *4fcfc*MMMfcF H >. 5* *## ( it + ^ l .8x i 0 3 

s- 1 ), «.AI^M^A^Cu titiftgL&l>rfl&600 MPa, £#*ffi&SS9t. 

2. ftdst£fi$L«i^#i«Fsa^. cu #mcu a*cu 

ft. na±T*itJ|C: f = ( s Q -s) is, #+4 frs frMft&ft&fc 

%&fcfr&®%jmth%-%., ***** ixio- 2 / s . 

# 16 mm x 4mmxl mm* Ja&K^ 30 nm ft-&fe^»v^#ii'& Cu 

Cu #*$j*-**lffjt« \BR%&ftmL#inm4kf* fcti&$& 
5100%, *H9'3 ft*, $LP\g$Lrt Cu 20 urn ( jfe** 

$L#ltt&RJWE), ^-^ftW^^^t. fltMfeft* 99.995wt%. 
8.91g/cm\ g * 80%IACS. l$r#£3S&j$ 500MPa. filttlSWfig* 

10-35°. Wl:* 700%^/^#3|4. 

X-#ft^***Wfttl***#*Qi ft-^****^* 30 nm, # 
.'■ft t mM&*.9lliK>& 0.16 %. i^^fe^S^«^$L^^^ B e B ^ Cu # 
ft6Mfc*£#iiE91. £$UHii£ + ##ftfc Cu #ft*tt#tt*/hti4*&£ 

*ffc. 1SUt*ft*l***** Cu #4i*& (ilitflM) W 

M^flr^Cu#fttAl^tn^MIIA^ io~35°, WM-f«,^Jtft** 
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& m ^ 118/10^ 



g - 80%iacs ), jfeS**»«W* @ tr**±J?ffl!# H Jft^tt#*Mfl tli 

0.7mol/l; BH. PB^^i^f- 99.99%ft4fe#^, M%.%r&4TBM& 

#Mth#&L' t 5 % fcBLfiWmfrS&fo 0.02 ml/1, 5%$&&fti65£fc 

NaCl^K^0.2mM; &&X£#&: 5.5 mA/cm 2 , 41 0.2V, 

PHlttSg^ 30mm, 15 X?; 

2) M&&mfc&%&&%fc&fci®mh 

tt£*ift"F*$l. 1 * lOVs, >J#&&3j 99.992wt%, 

8.88g/cm 3 , fe-f * g 80%IACS, #r^$££3j 400MPa, &faZ.ffl$Lfo£% 
8-30°. 1400%^/^#jj4. 

Cu ^*L#ftft&Jft*&#. Cu fttt#ttfe&&: 
ftto&&itCa 1400%^J$Lf<J^^^ H H B #:Cu#fp^^T^ 

MPa^AP^j380 MPa, KML^Hbtt^T 1 ft. ^400 MPa. feASt-M 
.^^#*^*****Cu||«>l#*tl* 1.7%, |Q%ft«tt** Cu^I 
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m m # B9/io^ 



^f^i^e^Cu (e = 0%) 6^*.ia^p = 1.65xlO- 8 nm, e = 450%#/ $U»J 
^^^b 0 b# Cuf^Wp = 1.78xlO-*Qm, e = 800%ft Cu % 

#7fcM L P = 2.09xlO-«Om, M^«ftMiil000%#, lt»#^i#ilP, &$>J 

2.1xlO-*Qm. 

tkim 3 

1.2mol/l; ■ MUb&KftrF 99.99%ft&48&, M*Ub.r«4T**ljfe 

^ba»^4R; ^M>]$^: 25% JWS[WWJfoJC*j8[0.15 ml/I, 25%&£#J^*fc 
NaCl LOml/l; fc^X£#&: 60 mA/cm 2 , 1.0 V, 

P0to5g^7 300mm, fe^fflA^ 30TC; 

fl-£*iftT*ML. 1 x 10" 2 /s, Mftftftjir 99.998wt%. 

8.94g/cm\ g 3j 90%IACS, 350MPa. B 1»*tt|<Wfa#37 

5-20°. »*^J 700%^#iH-. 

1: fi|i|^^IAM« (ftftK-*^ 100 urn) ££j&Tft 
#i #0r£L&ft&ft o- us <200MPa, cr,<35MPa, 6<60%. 

^^^m^^m^^mm^mm^i^mi 290 Mp a & 250 

) **LIMf ftWtft'tt/h-f 300 MPa. 
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& HJi JjflO/lOM 



^ 800%pf, e,#«Mtt££fr*£. # 30 nm Cu 500°C 

#T>Htai**ai#*, 700%*j-, #ftMe.*9J£ 

bh&#j 3: H@f4#^ J. Weertman # A ( RG. Sanders, J.A. Eastman and J.R. 
Weertman, in Processing and Properties of Nanocrystalline Materials, C. 
Suryanarayana, J. Singh and F.H. Froes, Eds. (TMS, 1996), p379 ) Mffl^&'KQpb 

(lO-'-lO^Pa) mtfoB-tiLfc lB.jj&K% 1-5 GPa), 
W^^X'+^E 22-110 nm tt@te&#l&#^##r. #i 3 pft* J £#;*|3gik$-& 

ft 96%, . £#ft+4fc0WS*ft*. ._£jfi#««[#^|frjfirJMfc«, %tt*A4M3 

'**f«ti»A^*it 415 

MPa ~ 480 MPa. #ft^**^^#fi^f!f*X^^*ftKt*^Jft, 

4: 4&&%rfW%- R-Z. Valiev ( R.K. Islamgaliev, P. Pekala, M. Pekala 
and R. E. Valiev, Plys. Stat. Sol. (a) In2, 559(1997) ) IJlftHi^^^! T HE 

<Mtft^tt4H*M4, £*:*ft*fcX** 2i0nm, feafcfrfll*. 

**»T*C#. **BL**5Mt^ 500MPa, 5%, 3jLft*M4*JB 

T#J&I&&*, *,Pl^p = 2.24xlO- 8 Om ^g = 70%IACS)„ 
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011H026.7 i# B£ ^ Pft HI m/2ja 
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